While sex differences in the peripheral immune response have been studied extensively, sex differences in the neuroimmune response, including glial activation and associated cytokine production in the brain, is a recently emerging field. Advances in our understanding of sex differences in the neuroimmune response have important implications for understanding how neural circuits are shaped during early brain development, how activation of the immune system may impact cognitive function and behavior, and how inflammation may be associated with the risk of mental health disorders that have strong sex-biases. The goal of this mini review is to highlight recent work in the field of sex differences in neuroimmune function, with a particular focus on how microglia function is influenced by age and sex hormone exposure.
Introduction
Sex is a biological variable that significantly affects all aspects of an organism, including the immune system. An individual's biological sex is determined as male or female by the differential presence of the sex chromosomes in each cell, the differentiation of the reproductive organs, and the subsequent production of sex-specific steroid hormones that organize the brain as male or female. Every cell has a sex; thus, biological sex differences can influence the physiological characteristics of the immune response that determine recognition, clearance, and transmission of pathogens, as well as the neuroimmune response to environmental insults. Gender, on the other hand, is an individual's identity as male or female with reference to social and cultural differences, rather than biological differences, per se. Gender differences can influence behaviors that impact the risk of exposure to pathogens, can restrict or promote access to healthcare, and can influence other behaviors that affect the course or duration of an infection in men and women. While both sex and gender have a critical role in determining the neuroimmune response in males and females, the focus of this review will be on biological sex differences in the neuroimmune response and their influence on the brain and behavior throughout the lifespan.
Sex differences in microglia number and function in the developing brain influence sex differences in neural circuit formation A critical period is defined as a period of development wherein a system maintains a heightened sensitivity to particular stimuli in order to develop in a specific manner. Some of the most compelling evidence for critical periods comes from the early studies of sexual differentiation of the brain and behavior [1] . These studies elegantly demonstrate the powerful role of sex steroid hormones during perinatal development in organizing the brain and behavior as either male or female. These experiments also reveal that, as sex hormones increase during puberty, the sexually dimorphic neural circuits that were organized during the critical period of development are 'activated' inducing sex-specific behaviors. Since the time of this groundbreaking work, two lines of research have provided significant insight into the mechanisms responsible for sexual differentiation of neural circuits during the critical period of development. First, studies by Lenz and colleagues [[2, 5, 6] ] demonstrated that the resident immune cells of the brain, microglia, are a fundamental mechanism for the development of sexually dimorphic neural circuits in the preoptic area (POA) that underlie sex-specific behaviors. Specifically, during the critical period of sexual differentiation, microglia within the POA release the immune signal, prostaglandin E 2 (PGE 2 ), which masculinizes neural circuits in the male POA and is necessary for the expression of male sex behavior later in life [[2,5,6] ]. Furthermore, both estradiol and PGE 2 masculinize the number and morphology of microglia in the female brain, and inhibition of microglial function prevents adult male sex behavior later in life [[2,5,6] ]. These findings were the first to directly link sex differences in microglia number and morphology with the development of the sexually dimorphic neural circuits that underlie sex-specific reproductive behaviors. The second line of research has investigated how sex differences in microglia number and morphology influence the development of neural circuits in regions that do not (yet) have a clear role in sexually dimorphic behaviors. For example, neonatal male rats have significantly more microglia than females in the parietal cortex, CA1, CA3, dentate gyrus (DG), and amygdala [3, 4 ]; and, compared to females, a larger 
